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Abstract

Recent histological and molecular characterization of
cholangiocarcinoma (CCA) highlights the heterogeneity
of this cancer that may emerge at different sites of the
biliary tree and with different macroscopic or morpho-
logical features. Furthermore, different stem cell niches
have been recently described in the liver and biliary
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tree, suggesting this as the basis of the heterogeneity
of intrahepatic (IH)- and extrahepatic (EH)-CCAs, which
are two largely different tumors from both biological
and epidemiological points of view. The complexity of
the organization of the liver stem cell compartments
could underlie the CCA clinical-pathological heteroge-
neity and the criticisms in classifying primitive liver tu-
mors. These recent advances highlight a possible new
classification of CCAs based on cells of origin and this
responds to the need of generating homogenous diag-
nostic, prognostic and, hopefully, therapeutic categories
of IH- and EH-CCAs.
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INTRODUCTION

Cholangiocarcinoma (CCA) is an extremely heteroge-
neous cancer from a topographical, morphological, bio-
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logical and clinical point of view"™. The two main forms,
intrahepatic (IH)- and extrahepatic (EH)-CCAs, showed,
in the last decades, opposite epidemiological behavior,
with incidence and mortality progressively increasing for
the IH form but stable or slightly decreasing for the EH
form®®. This suggests different risk factors and, indeed,
evidence exists that IH- and EH-CCAs may emerge from
a different pathological background®™. A large body of
recent literature deals with the role of stem cells in car-
cinogenesis[g’m]. In this regard, different stem cell niches
have been recently identified in the liver and biliary tree
with new implications of the origin of primitive liver can-
cers"™. The complexity of the organization of the liver
stem cell compartments could underlie the CCA clinical-
pathological heterogeneity and well justifies the difficul-
ties in clinical-pathological classification of primitive liver
tumors' ", Another point of great consideration is the
relationship between chronic liver damage and the devel-
opment of primitive liver tumors. Indeed, the chronically
injured liver and biliary tree could be considered a classic
model of stem cell derived carcinogenesis where the ac-
tivation and proliferation of the stem cell compartment
in response to tissue injury represent the first step of
121 In light of these recent
advances, histological and morphological classification
of primitive liver cancer is currently under revision, tak-
ing into consideration the potential cells of originm’m.
Histological characterization of CCAs based on cell of
origin responds to the need of generating homogenous
diagnostic, prognostic and therapeutic categories or class-
es for IH- and EH-CCAs. The cells of origin of CCAs
also represent the cell targets of the hepatic and biliary
diseases associated with the development of CCAs and
this could explain the association of determined hepatic
and biliary pathologies with each category of CCA, other
than the differences in terms of epidemiological, behav-
ioral and risk factors.

the carcinogenetic process

IH AND EH STEM CELL NICHES

CCA arises from the lining epithelium and peribiliary
glands (PBGs) of the IH and EH biliary tree and shows
variable degree of differentiation ™. It has been recently
elucidated how stem cells are particularly prone to be in-
volved in the carcinogenic process due to their particular
biological features™. Stem cell niches have been firstly
identified within the adult liver in the canals of Hering,
remnants of the ductal plate of fetal and neonatal liv-
ers'"™, Human hepatic stem cells (hHpSCs) residing in
the canals of Hering can differentiate into hepatocytes
and cholangiocytes lining the small bile ducts, which in
turn can give rise to tumors with a whole range of phe-
notypes, with varying hepatocellular and biliary differenti-
ation characteristics”. More recently, additional stem cell
niches have been identified in PBGs""*"”. PBGs are mu-
cin-producing glandular elements located in the wall of
the EH and large IH bile duct. Within PBGs, stem/pro-
genitor cell niche composed of multipotent stem/pro-
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genitor cells of endodermal origin (biliary tree stem/pro-
genitor cells: BTSCs) has been described, which represent
the only cells potentially underlying the mucin-producing
cells lineage within the livet"*"”. PBGs are distributed
along the biliary tree starting intrahepatically at the level
of septal-segmental bile ducts and ending at the hepato-
pancreatic common duct near the duodenum. PBGs are
particularly high in density at the level of the cystic duct,
hilum and periampular region, sites where EH-CCAs
typically emergem’l‘ﬂ. The IH PBGs are indistinguishable
from the EH ones””. For decades, the heterogeneity of
IH and EH bile ducts has been the object of extensive
investigations and the embryological origin of the bili-
ary tree furnishes the basis for this topicm’w. From an
embryological point of view, indeed, the medium-large
IH and the EH bile ducts recognize a unique origin and
represent the result of the proliferation of the primitive
endoderm at porfa lyepﬂizﬂza’w. The interlobular bile ducts,
in contrast, derive from SOX (SRY (sex determining
region Y)-box) 9 positive progenitors following the re-
organization of the ductal platem’zﬂ. Septal ducts (medium
size), segmental ducts, larger IH bile ducts and EH bile
ducts share unique histological features characterized by a
discrete duct with a well defined wall constituted of con-
nective tissue supporting the lining epitheliam]. Another
unique feature joining the large IH bile ducts and the EH
bile ducts is the presence in the duct wall of the PBGs™.
Furthermore, the large segments of the biliary tree share
with EH bile ducts similar characteristic expression of
cell markers both in physiological and pathological condi-
tions that largely differ with respect to those observed
in the intetlobular bile ducts”. Specifically, pancreatic
a-amylase, trypsin and pancreatic lipase are expressed in
biliary cells lining the PBGs in immature ducts in fetal
livers and in mature large bile ducts in postnatal livers™.
Differently, these phenotypical markers disappear quickly
when hHpSCs derived lineage restrict towards mature
hepatocyte or cholangiocyte fates (9-25 wk of gestation)
and interestingly expression is not found in developing
peripheral IH bile ducts”. Recently, we demonstrated"*"”
that PBGs are stem cell niches in human EH bile ducts
and that the maturation lineage progresses from the stem
cells located in the deeper part of the wall, within the
PBGs, to mature cells lining the surface epithelia”s]. We
also observed an increased mucin production with the
maturation in the duct wall"”. The individuation of a
stem cell niche within the bile ducts"*"” opens the possi-
bility that BTSCs within PBGs and their descendent cells
could be further considered as cells-of-origin of mucin-

producing CCAs (Figure 1).

CANCER STEM CELLS AND CANCER
CELLS OF ORIGIN: DEFINITIONS

The definition “cancer stem cell (CSC)” indicates the cel-
lular subset within the tumor that uniquely sustains malig-
nant growth. Differently, the term “cell-of-origin” defines
the normal cell that acquires the first cancer-initiating
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Canals of Hering (hHpSC-derived lineage)

Human hepatic ‘ Combined HCC-CCA

Peribiliary glands (BTSC-derived lineage)

/ Oncogenic events

/ Biliary tree stem/

stem cells progenitor cells
EH-CCA
and
IH-CCA
large bile duct
IH-CCA type with mucin /
Immature Ductular type or production Cholangiocytes of large
cholangiocytes ————> cholangiolocarcinoma (5100p+) IH and EH bile duct
(NCAM+) (NCAM+) and
goblet cells
(Mucin-Producing)
Interlobular mature IH-CCA
cholangiocytes — > | Small bile duct type
(NCAM-) (NCAM+/-, S100p-)

Histology: mixed differentiation features including focal
hepatocytic differentiation and CCL features

Grossly: peripheral location and mass forming growth
Clinical: not IH bile ducts dilatation and jaundice
Associated diseases: liver cirrhosis

Histology: involvement within the tumour of large ducts
and of PBGs, mucin production

Grossly: peri-ductal infiltrating /mass forming growth
Clinical: IH bile ducts dilatation and jaundice

Associated diseases: large IH and EH bile ducts pathologies

Figure 1 Schematic diagram of the cell-lineages-of-origin and relative cells-of-origin within and of the related cholangiocarcinoma subtypes. Cells belong-
ing from human hepatic stem cell (hHpSC) lineage or from biliary tree stem/progenitor cell (BTSC) lineage are retained cells of origin of different intrahepatic (IH)-
and extrahepatic (EH)-cholangiocarcinoma (CCA) subtypes recently described™”"*® Histology, grossly, the main clinical features and the associated diseases of the
CCAs arising within the two cell lineages are showed respectively. HCC: Hepatocarcinoma; CLC: Cholangiolocarcinoma.

mutation(s)"”. Although the terms “cell-of-origin” and
CSC have been used interchangeably, they are distinct
concepts referring to cancer-initiating cells and cancer-
propagating cells, respectivelym’zsl. The cancer-initiating
cell denotes the cell-of-origin. It is important to note that
the cell-of-origin is not necessarily related to the CSC and
its phenotype may be substantially different””. The cancer
cell-of-origin has great importance in tumor cell fate and
pathology; the activation of the same genetic/epigenetic
mutation in different maturational phases within a cellular
lineage of a given organ may have profound implication,
either in malignant potential or in cancer morphology
and phenotype (intratumoral heterogeneity). This is the
case in a transgenic mouse model which showed how the
mutation of Hras targeted to the hair follicle region (eatlier
cells within the lineage) highly predisposed mice to squa-
mous carcinomas, whereas the targeting to interfollicular
or suprabasal cells (more differentiated cells) resulted in
papillomas with low malignant potentialp()’m.

LIVER CANCER STEM CELLS AND NEW
CANCER THERAPEUTIC TARGETS

Many years of investigations and daily clinical practice
suggest an alternative model of carcinogenesis where
only a subset of CSCs has the ability to proliferate ex-
tensively and form new tumors™". Signalling pathways
associated with oncogenesis, including the Notch, Sonic
hedgehog and Wnt signalling, play a major role in regulat-
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ing stem cell self-renewal. The machinery for self-renewal
is already activated in CSCs, thus fewer mutations may
be required to maintain self-renewal than to activate it
ectopically. Stem cells often persist for long periods of
time, increasing the probability of mutations. CSCs tend
to be more resistant to chemotherapeutics due to high
levels of expression of multidrug resistance genespj. As
far as liver is concerned, intermediate carcinoma may be
a distinct type of primary liver carcinoma, morphologi-
cally and phenotypically intermediate between hepatocel-
lular carcinoma (HCC) and CCA, which originates from
transformed hepatic progenitor cells™. Moreover HCCs
expressing biliary cell markers, such as keratin(K)7 and
K19, have been demonstrated to carry a significantly
poorer prognosis and have a higher recurrence rate after
surgical resection and liver transplantationm. A number
of cell surface markers have been proved to be useful
for the isolation of CSC enriched fractions in liver ma-
lignancies, including CD133 (also known as Prominin-1),
CD44, CD24, epithelial cell adhesion molecule (EpCAM),
a-fetoprotein, Thy-1 and ATP-binding cassette B5, as
well as Hoechstsss42 exclusion by the side population
cells™. Indeed, recently, it has been described that a poor
prognosis characterizes HCCs expressing stem markers
such as EpCAM and CD133"Y, A correlation between
the stage of hepatic differentiation and clinical mani-
festation, notably vascular invasion, metastatic spread
and patient survival, was also established" ™. Primary
liver tumors might arise from impairment of the normal
liver differentiation program associated with excessive
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Wnt/ [-catenin signalingm. Recently, EpCAM was identi-
fied as a direct transcriptional target of Wnt/B-catenin
signaling in HCC™. A number of EpCAM-regulated
target genes have been identified, including c-myc and
cyclins, and additional genes involved in cell growth and
proliferation, cell cycle and cell death”. These findings
indicate that expression of EpCAM is strongly linked
with proliferation of stem cells and that cancer develop-
ment from CSCs may occur after aberrant EpCAM re-
expression. Recently, it has been demonstrated that the
induction of terminal differentiation of HCC CSCs by
using oncostatin M is associated with a marked reduc-
tion of the proliferative properties of the cells and with
enhanced sensibility to chernotherapy[34]. Finally, a subset
of highly chemoresistant and invasive HCC CSCs with
aberrant expressions of 11.-6 and the transcription factor
Twist has been recently described. This subset of CSCs
displays regulated let-7 and miR-181 miRNA family
members, where modulation of both miRNA depend-
ent pathways can impact significantly on their biologym.
Thus, the modulation of aberrantly expressed miRNA in
HCC CSCs may be a useful strategy to limit CSC differ-
entiation and invasion or improve responses to Cytotoxic
therapies. In different cancers, recent studies addressed
potential strategies of treatment based on selective tat-
get of specific CSCs"". Various therapeutic drugs that
directly modulate CSCs have been examined 7 vivo and
in vitro. However, CSCs clearly have a complex pathogen-
esis, with a considerable crosstalk and redundancy in sig-
naling pathways, and hence targeting single molecules or
pathways may have a limited benefit for treatment. Many
of the key signaling molecules are shared by both CSCs
and normal stem cells, which add further challenges for
designing moleculatly targeted strategies specific to CSCs.
In addition to the direct control of CSCs, many other
factors that are needed for the maintenance of CSCs,
such as angiogenesis, vasculogenesis, invasion and migra-
tion, hypoxia, immune evasion, multiple drug resistance
and radioresistance, should be taken into consideration
when designing therapeutic strategiesm. In CCA, these
studies are only at the beginning and the heterogeneity
of this cancer further hampers advancement. To this lat-
ter regard, obtaining clinical-pathological information
capable of driving the diagnostic setting or the accurate
realization of basic science studies pass through the man-
datory acquisition of CCA tissue.

CCA CELLS OF ORIGIN AND NEW CCA
CLASSIFICATION PROPOSALS
]

CCA is the primary malignancy of the biliary tract™.
This cancer has been classified as either IH or EH, with
the second-order bile ducts acting as the separation
pointm. Classically, EH-CCA has been divided into peri-
hilar and distal CCA. According to the American Joint
Cancer Committee/Union for International Cancer Con-
trol perihilar CCA is proximally separated from IH-CCA
by the second-order bile ducts and distally separated from
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Table 1 Phenotype markers of candidate cholangiocarcinoma

cells of origin

Marker BTSC in
peribiliary

glands

Mature
cholangiocytes

hHpSCs in canals
of Hering

Nanog, OCT4 - -
CXCR4 - -
FoxA Y2 - -
PDX1, NGN3 - -
AFP -

Sox 9/17 -
Prominin-1 (CD133) -
EpCAM
NCAM -
Thy -
CK7/19

Secretin Receptor

vGT

+ 4+ + o+ A+ o+ o+ o+ o+ o+

+ 4+ o+
0
i

+/-

Comparison of the phenotype among mature cholangiocytes, hepatic stem
cells (hHpSCs) in canals of hering and biliary tree stem/progenitor cells
(BTSC) in peribiliary glands. Mature cholangiocytes do not express mark-
ers of stem/ progenitor cells. A complete study of the phenotype of cholan-
giocarcinoma considering these markers would indicate the probable cell
of origin. AFP: a-fetoprotein; CD133: Prominin; CK: Cytokeratin, CXCR4:
CXC-chemokine receptor 4; EpCAM: Epithelial cell adhesion molecule;
FOXa2: Forkhead box a2; yGT: y-glutamiltranspeptidasi; NCAM: Neural
cell adhesion molecule; NGN3: Neurogenin 3; OCT4: Octamer-binding
transcription factor 4 also known as POU5F1 (POU domain, class 5, tran-
scription factor 1); PDX1: Pancreatic and duodenal homeobox 1; SOX: Sry-
related HMG box.

distal EH-CCA by the insertion of the cystic duct into
the EH biliary tree™. CCA arises from the lining epithe-
lium and peribiliary PBGs of the IH and EH biliary
tree”®. Recent studies further stressed the concept of
CCA heterogeneity. The accurate comparison of lineage
markers between normal and neoplastic cells can lead to
individuate the cell-of-origin in different tumor subtypes
arising within a given organ, even if tumor cells show
phenotypical plasticity or dedifferentiate during neoplas-
tic progression (Table 1). Therefore, lineage markers and
molecular signatures of tumor cells may not precisely re-
flect the true cell-of-origin in normal tissue. The individu-
ation of a stem cell niche within the bile ducts opens the
possibility that BTSCs within PBGs could be further
considered as cells-of-origin of mucin-producing CCA"*"
(Figure 1). Indeed, BTSCs represent the only cells poten-
tially underlying the mucin-producing cells lineage within
the liver. Strict similarities between the pathologies of bil-
iary tract and pancreas have been recently suggested“sl; in
response to injury, pancreatic duct glands undergo a mu-
cinous metaplasia and have been indicated as a possible
cell of origin of pancreatic cancer”. An unresolved
question regarding CCA is which cell have to be consid-
ered as cells-of-origin (Figure 1). The involvement of dif-
ferent cells-of-origin could underlie CCA heterogene-
itym. The most primitive cells, stem cells, are candidates
for targets of transformation because of their self-renew-
al and longevity, which would allow the sequential accu-
mulation of genetic or epigenetic mutations””. Two stem
cell niches have been described within the liver: the Ca-
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nals of Hering containing thSCsm and IH PBGs com-
posed of BTSCs"*", Nakanuma ez /" recently proposed
a new classification of CCA taking into consideration the
heterogeneity of hepatic stem/progenitor cells and the
pathological similarities between biliary and pancreatic
neoplasms. The authors classified IH-CCA into: (1) bile
ductular type or cholangiolocarcinoma (CLC); (2) intra-
ductal neoplasm type; (3) conventional (bile duct) type
and; and (4) rate variants'. CLC is thought to originate
from canals of Hering/bile ductules where hHpSCs are
located. Komuta ez a/' ™ showed that this subtype of
CCA is mainly composed of CLC areas showing small
monotonous and/or anastomosing glands, strongly posi-
tive for K7 and K19, with tumor boundary being charac-
terized by a HCC-like trabeculat area and with some cases
expressing CCA areas with scarce mucin production. A
comparison between CLC with K19-positive HCC and
with combined HCC-CCA indicated a high homolo-
gy The clear origin of CCL from hHpSCs or imme-
diate descendent cells deserves high attention and the ac-
curate histological observation of transitional zones
within the tumor and the phenotype characterization are
strongly recommended for a proper diagnosis. Following
the maturation arrest theory, one could speculate that
CCL represents the result of a carcinogenetic process in-
volving cells within the lineage detived from the hHpSCs
and that the differentiation grade of the tumor reflects
the grade of maturation of the cells primarily involved in
the carcinogenesis process (Figure 1). In this view, the
CCAs arising from the interlobular bile duct (small bile
duct type CCAs) could be considered a tumor arising
from differentiated cells belonging to the hHpSC-derived
lineage (Figure 1). The evidence that IH-CCA and EH-
CCA may be dissimilar tumors is supported by the recent
discovery that, i vitro, they express diverse cellular pro-
teins and have different cellular shape, doubling time,
chromosome karyotype and chernosensitivitym. Similarly,
researchers from France showed that hilar CCAs express
higher levels of MUC5AC (60% vs 22%), Akt2 (64% vs
36%), K8 (98% vs 82%), annexin (56% vs 44%) and less
vascular epithelial growth factor (VEGE) (22% vs 78%)
as compared to IH-CCAs"™. Moreover, prognostic mark-
ers were differentially expressed, as hilar CCAs carried
out stronger perineural invasion (83% »s 42%) than pe-
ripheral CCAs™™. The different biological and molecular
features strongly support the concept that IH-CCA and
EH-CCA arise from different carcinogenetic processes
and different cells-of-origin. Particularly relevant in the
view of future clinical trials is the lower expression of
VEGF in EH-CCA with respect to the IH-CCA, which
could affect the response to anti-angiogenic based thera-
py. Relevant advantages in the way to a physio-pathologi-
cal classification of the CCAs have been recently achieved
by Komuta ¢z al'”, who carried out a study aiming to in-
vestigate the CCA histological diversity in relationship to
the heterogeneity of cholangiocytes lining the biliary tree:
hilar mucin producing cells »s peripheral cuboidal ductu-
lar cells or hHpSCs. They investigated the clinical-patho-
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logical and molecular features of 79 resected CCAs and
their relationship with hHpSCs and compared the spec-
trum of CCAs with respect to K19-positive or negative
HCCs. According to this study, 52% of the IH-CCAs
were pure mucin producing, whereas 48% showed mixed
differentiation features, including focal hepatocytic differ-
entiation and CCL features. CCAs with mixed features
(mixed-CCAs) showed peripheral location, larger tumor
size, less microvascular invasion, less lymph node involve-
ment compared to pure mucin producing CCAs which
showed perihilar location, smaller tumor size, more mi-
crovascular invasion and more lymph node involvement.
S100p expression was seen only in pure mucin-producing
CCAs, while NCAM expression was only present in
mixed-CCAs and particularly in CL.C. Molecular profiling
showed high homology between mixed-CCAs and K19-
positive HCCs (considered of hHpSCs origin). The au-
thors concluded that mixed-CCAs and K19-positive
HCCs have a similar molecular profile as the most pe-
ripheral ductules containing hHpSCs, while mucin pro-
ducing CCAs have a similar profile to mucin producing
large IH and EH bile ducts, possibly reflecting the differ-
ent cells—of—originm. Differences in clinical-pathological
features between CCAs arising from small (interlobular
bile ducts) or medium-large IH bile ducts are under in-
vestigations. Responding to the need for classifying IH-
CCA in relationship to the hetereogenity of the small »s
the medium-large TH bile ducts, recently Nakanuma e a/™”
proposed to separately consider a small bile duct type
(peripheral type) and a large bile duct type (perihilar type).
The former is mainly described as a tubular or micropap-
illary adenocarcinoma while the latter involves the IH
large bile ducts. In accordance with phenotypic differenc-
es between interlobular and medium-large bile ducts,
Aishima e al*” investigated 87 cases of IH-CCA smaller
than 5 cm in diameter. They considered a hilar type IH-
CCA, showing IH large bile duct involvement within the
tumor, and a peripherla type IH-CCA contained pre-
served architecture of the portal triad. They demonstrat-
ed that the frequency of perineural invasion, lymph node
metastasis, vascular invasion, IH metastasis and EH re-
currence of IH-CCA from large ducts was significantly
higher than that of TH-CCA from small ducts™. The
survival of patients with IH-CCA from large ducts was
worse than that of patients with IH-CCA from small
ducts™. In our hypothesis, the clinical-pathological dif-
ferences observed among CCAs arising from small bile
ducts and large bile ducts reflect the different lineage of
origin, with the former arising from cells of the hHpSC-
derived lineage and the latter arising from BTSC-derived
lineage (Table 1, Figure 1). Also, the multiple lineages of
origin could determine differences in signaling pathways
or epigenetic mechanisms associated with the early phase
of tumor development in the course of the hepatic and
biliary diseases. By considering the process of maturation
from the two different stem cell niches (canals of Hering
and PBGs), one could expect that some IH-CCAs origi-
nate from cells within the lineage starting in the canals of
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Hering (hHpSC-derived lineage), while other IH-CCAs
and the EH-CCAs could originate from cells within the
lineage starting in the PBGs (BTSC-derived lineage) of
the medium-large IH and EH bile ducts (Figure 1). The
former could be constituted, on the basis of the grade of
maturation of the cell-of-origin (maturation arrest), by
combined HCC-CCA, CCL and CCA of the small bile
ducts (interlobular), while the latter by CCA of the large
bile ducts with variable degree of mucin production

(Figure 1).

RISK FACTOR AND ASSOCIATED
PATHOLOGIES: HOW THEY FIT WITH
THE RECENT CLASSIFICATION OF CCAS
BASED ON CELLS OF ORIGIN

Actually, the role of hHpSC in normal turnover of hepa-
tocyte and cholangiocyte is debated™*. In contrast, nu-

merous evidences indicate the activation of resident stem
cell compartment in the majority of acute and chronic
liver diseases. In chronic hepatic diseases, hHpSCs highly
proliferate and give rise to newly derived EpCAM posi-
tive hepatocytes in correlation with hepatocyte senes-
cence™". More recently, an additional stem cell niche
has been identified in the PBGs"*"”. PBGs are particu-
latly high in density at the level of cystic duct, hilum and
periampular region, sites where CCAs typically emerge!”.
Within PBGs, stem cell niche has been recently desctibed
which is composed by multipotent stem/progenitor cells
of endodermal origin (BTSCs) and potentially supplies
the renewal of the surface epithelium of large IH bile
duct and EH biliary tree"*'”. During pathological condi-
tions of large bile ducts PBG cells proliferate potentially
underlie the increased turnover of mature cells. The
existence of two different stem cell niches, the canals
of Hering and the PBGs, involved in the cell turnover
of IH and EH biliary tree in adult life and activated in
pathological conditions, has been recently put in relation-
ship with CCA clinical-pathological heterogeneity as well
as with differences in risk factors between IH- and EH-
CCA™™ We recently revised the literature dealing with
risk factors and pathologies associated with IH- and EH-
CCAY. It is clearly evident from the literature that there
are pathologies exclusively associated with IH-CCA or
EH-CCA and pathologies associated with both. Choledo-
chal cysts, cholangitis/primary sclerosing cholangitis
(PSC), secondary biliary citrhosis, choledocholithiasis,
cholecystitis and liver flukes are pathological conditions
primarily affecting large intra-hepatic bile ducts and/or
extra-hepatic bile ducts. In keeping, these pathological
conditions are risk factors for both TH- and EH-CCA.
Differently, parenchymal liver diseases, including chronic
viral and non-viral liver diseases and schistosomiasis, ex-
clusively target interlobular bile ducts, bile ductules and
the canals of Hering and, consistently, these pathologies
are exclusively associated with development of ITH-CCA.
These pathologies are characterized by a strong ductular

(4 9

Jgu;:;:mg@ WJGO | www.wjgnet.com

99

reaction, a phenomenon involving interlobular bile ducts,
bile ductules and canals of Hering, which is currently
considered the morphological expression of the activa-
tion of the stem/progenitor cell compartment aimed
to repair liver injuryw)]. From the other side, pathologies
of the large IH and EH bile ducts, such as liver flukes,
cholangitis, PSC, choledochal cysts, secondary biliary cit-
rhosis, choledocholithiasis, hepatholithiasis and cholecys-
titis, are characterized by the involvement of PBGs where
cells proliferate and acquire the expression of stem cells
and neuroendocrine markers (C-met, c-erbB-2, argirophil
granules, chromogranin A)"*. On the basis of these
recent observations, we hypothesize that eatly cells within
PBGs are the sites of origin of malignancies associated
with chronic diseases ot pathological conditions of the
IH medium-large and EH bile ducts®. Differently, paren-
chymal liver diseases, including chronic viral and non-viral
liver diseases and especially the liver cirrhosis, could be
recognized as the associated diseases of the CCAs arising
from the hHpSC derived lineage". In complete agreement
with this hypothesis, it has been recently demonstrated
that viral hepatitis is associated with IH-CCA with cholan-
giolocellular differentiation and N-cadherin expression”.
We strongly believe that a lineage based classification of
the CCAs could reveal the real strength of association of
determined hepatic or biliary diseases with each class of
CCA or resolve the bias of the spurious associations. Fut-
ther studies are needed to corroborate these hypotheses
which could explain the large different epidemiological
profile of TH- and EH-CCA®*,

NEW INSIGHTS INTO LIVER STEM
CELLS ORGANIZATION AND CCA

DEVELOPMENT

Although the role of hHpSC in normal turnover of he-
patocyte and cholangiocyte is still debated™**, the role
of the stem cells during hepatic and biliary development
has been recently better elucidated. Specifically, it was
shown that interlobular bile ducts, during the eatly phase
of embryological development, derive from the differ-
entiation of hepatoblasts located closely to the forming
portal tract (ductal plate) and is driven by the expression
of SOX9™!, Recently, Carpentier ¢ a/*" came to the inno-
vative result that the cells of the canals of Hering would
be in direct communication and hierarchically derived
from cells originating from the ductal plate. Ductal plate
derived lineage should supply the epithelium of the inter-
and intralobular bile ducts and passing through the canals
of Hering should give rise to the periportal hepatocytes.
In this way, the development of the biliary tree and liver
should proceed from the hilum to the periphery. Large
IH bile ducts and EH bile ducts ate very similar in terms
of histology, cell phenotype and share common stem
cells constituted by the BTSCs of the PBGs' ", This is
in keeping with their common embryological origin from
a pancreatic-biliary progenitor [SOX17+/pancreatic and
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duodenal homeobox 1(PDX1)+], representing the result
of the organization of the proliferation of the primitive
endoderm at the porta hepatis. Recently, we demonstrated
that remnants of these multipotent stem cells deriving
from ventral endoderm are still present in the adult bili-
ary tree, especially within PBGs"*"!. The phenotype of
the cells lining the large IH and the EH bile ducts or the
PBGs in adult and fetal life!"” and the recent insights
supporting the hilum-to-periphery development of the
biliary tree™*, suggest that cells of the forming large IH
bile ducts and EH bile ducts are precursors of the ductal
plate cells in the fetal life. The new insights into liver stem
cells niches organization further complicate the picture in
relationship to the clinical-pathological classification of
the primary liver cancers. Indeed, according to the inno-
vative explanation of the liver organogenesis, the classical
organization of the hepatic parenchyma stem cell niche,
the canals of Hering, and the cell differentiation hierarchy
within, are under debate. On the basis of these recent ad-
vances and analyzing the phenotype of the hHpSCs and
of BTSCs (Table 1), an emerging hypothesis is that the
BTSCs are precursors of the hHpSCs. This new scenario
opens further perspectives in CCA classification. Indeed,
based on this concept, the CCAs arising from the BTSC-
derived lineage should be composed of tumor cells with
catlier and endodermal-like phenotype with respect to
hHpSC-derived CCAs. In this view, the anatomical locali-
zation of the CCAs, other than reflecting a different cell-
of-origin, could be associated with different prognostic
CCA classes. Indeed, it has been already demonstrated
by different groups how the EH-CCAs (mostly hilar
CCAs)"™ and the TH-CCAs involving the large TH bile
ducts are associated with the worst prognostic markers
in comparison to the peripheral IH-CCAs involving the
small bile ducts”***
et al™” showed that discrete homogenous molecular pro-
files of both hilar and peripheral-type CCAs were associ-
ated with different prognostic classes, suggesting that a

| However, very recently, Andersen

similar molecular pathogenesis rather than the anatomical
location defines the overall prognosis. However, IH-CCA
could arise either from interlobular bile ducts/canals of
Hering or from large IH bile ducts (segmental and septal),
thus recognizing different cells-of-origin. Some of these
cells-of-origin, the ones belonging to the BTSC-derived
lineage, are the same for IH- and EH-CCA, while others,
the ones derived from the hHpSCs, are specific for the
IH-CCA (Figure 1). In our opinion, the different cells-of-
origin potentially underlying the development of different
IH-CCA subtypes should be taken into adequate consider-
ation in defining prognostic classes of CCA (Figure 1). A
gross classification based only on the anatomical localiza-
tion and that considers all the IH-CCAs as a homogenous
entity, does not reflect the complex biology of this cancer
and could result in biases and criticisms.

CONCLUSION

The new scenario created by recent advances on liver
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stem cells suggests a physio-pathological classification of
CCAs based on the cell-lineage-of-origin. Following the
process of maturation from the two different stem cell
niches, one could hypothesize that some IH-CCAs origi-
nate from cells within the hHpSC-derived lineage starting
in the canals of Hering, while other IH-CCAs and the
EH-CCAs could originate from the BTSC-derived line-
age within the medium-large IH and EH bile ducts. The
former could be classified on the basis of the grade of
maturation of the cell-of-origin, in: (1) combined HCC-
CCA (hHpSCs); (2) CCL or ductular type CCA (immature
cholangiocytes); and (3) CCA of the small bile ducts or
mixed-CCA (mature cholangiocytes of the interlobular
bile ducts) (Figure 1). The latter could be classified in
mucin-producing CCA of large bile ducts recognizing as
cells-of-origin the ones within the BTSC-derived lincages
(i.e., BTSCs in PBGs, cholangiocytes of large IH and EH
bile ducts and goblet cells) (Figure 1). These observa-
tions are also supported by the similarities between the
neoplastic pathologies of biliary tract and pancreasm
Indeed, most biliary and pancreatic neoplasias are of
ductal lineage, characterized by tubule (gland), papillary
structure formation and different degree of mucin pro-
duction and expression of mucin-related glycoproteinsm.
Classification of CCAs based on cells-of-origin needs
definitive cells markers able to distinguish the CCA sub-
types and thus it remains a challenge for future studies”™.
Meanwhile, howevert, it can be noted that the available
diagnostic tools (imaging, clinical, histology) can suggest
the presumptive cell-lineage-of-origin of the single CCA.
Indeed, CCAs of the small bile ducts or mixed-CCAs, the
hHpSC-lineage derived CCAs, usually show a peripheral
localization and a mass forming growing pattern, while
IH-CCAs of the large bile ducts, the BTSC-lineage de-
tived CCAs, usually show a peti-ductal infiltrating and/or
mass forming growth pattern and are hilar or peri-hilar
and usually associated with IH bile duct dilatation and
jaundice. From a histological point of view, CCAs of the
small bile ducts or mixed-CCAs showed mixed differenti-
ation features, including focal hepatocytic differentiation,
ductular features and NCAM expression, while differ-
ently IH-CCAs of the large bile ducts are characterized
by the involvement within the tumor of large bile ducts
and of PBGs, mucin production and S100p expression.
Taking into consideration this tentative of classsification,
risk factors and underlying pathologies associated with
CCA development should be regarded in a new light.
Parenchymal liver diseases, including chronic viral and
non-viral liver diseases and liver cirrhosis, should be con-
sidered as risk factors for development of mixed-CCAs
arising from the hHpSC-derived lineage, activated and
expanded in the course of these pathologies. In contrast,
chronic biliary diseases or pathologies and conditions af-
fecting the IH medium-large and EH bile ducts are risk
factors for CCAs of the large bile ducts since in these
pathologies, stem cell niches located in the PBGs are ac-
tivated. A physio-pathological classification of the CCAs
according the cell-lineages-of-origin could have, in the
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future, important clinical implications with the definition
of different prognostic classes or specific therapeutic

targets. Given the differences in biology and clinical-
pathology[sg], TH-CCA with mixed features (mixed-CCAs
or small bile ducts type) and mucin producing IH-CCA
(large bile ducts type) should be considered separately

(Figure 1).
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